
METHOD FOR PROCESSING PLASMA PROCESSING APPARATUS 

FIELD OF THE INVENTION 
The present invention relates to a method for processing 
a plasma processing apparatus that generates aluminim-based 
reaction products, and especially relates to a method for 
processing a plasma processing apparatus preferably used to 
perform an etching process using plasma to a substrate to be 
processed, such as a semiconductor substrate. 

Furthermore, the present invention relates to a plasma 
processing method, and especially relates to a method for 
cleaning a vacuum container of a plasma processing apparatus 
for providing an etching process to a substrate such as a 
semiconductor wafer using plasma, or for depositing a film to 
a substrate using plasma. 

DESCRIPTION OF THE RELATED ART 
The present invention is applied to a plasma processing 
apparatus utilizing plasma for the manufacture of semiconductor 
elements. A prior art example is explained in the following, 
taking an ECR (electron cyclotron resonance) type plasma 
processing apparatus as an example . In this type of apparatuses , 
plasma is generated in a vacuum container by applying a magnetic 
field thereto from the exterior and supplying electromagnetic 
waves of the microwave band or UHF band. The magnetic field 
causes cyclotron motion of the electrons, and efficient 
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generation of plasma is made possible by resonating the frequency 
of the cyclotron and the frequency of the electromagnetic waves . 
When this apparatus is used to etch wafers, halogen gases such 
as chlorine gas and fluorine gas are used as the gas for generating 
plasma. In order to accelerate the ions being incident on the 
wafer, a high-frequency voltage is applied to the wafer. This 
arrangement enables perpendicular etching of the wafer, required 
for the manufacture of semiconductor elements. The power 
applied to the wafer is hereinafter called a bias power. When 
it is necessary to deposit a film on the wafer, material gas 
such as SiH4 gas can be used to deposit a polycrystal Si film 
on the wafer. 

According to this apparatus, after a certain processing 
time has passed, deposits frommaterial gas and reaction products 
are formed inside the container. When such deposits occur, the 
status of the plasma is changed, causing the etching properties 
to change with time, or the deposits may fall on the surface 
of the wafer as contaminants, causing yield degradation. 
Therefore, after a certain time has passed, it becomes necessary 
to clean the inner walls of the vacuum processing chamber. 

In a semiconductor manufacturing process, a dry etching 
process usingplasma is generally carried out . There are various 
types of plasma processing apparatuses that can be used to carry 

out the dry etching. 

In general, a plasma processing apparatus comprises, for 
example, a vacuum container, a gas. supply system connected to 



2 



the container, an evacuation system for maintaining the pressure 
inside the processing chamber to a predetermined level, an 
electrode for supporting a substrate, an antenna for generating 
plasma inside the vacuum container, and a shower plate for 
supplying processing gas evenly into the vacuum container. By 
supplying high frequency power to the antenna, the processing 
gas supplied through the shower plate into the processing chamber 
is dissociated and plasma is generated, and thus, the etching 
of the substrate mounted on the substrate-holding electrode is 
performed. 

In such a plasma etching apparatus, a portion of the reaction 
product generated by the etching of the substrate may adhere 
on the inner walls of the processing chamber without being 
evacuated, and such reaction products may fall off the inner 
walls and become particles, or may cause the density and 
composition of the plasma to change due to the variation in status 
of the inner walls of the chamber, or may even cause the etching 

properties to vary. 

One method for removing the reaction products adhered to 
the inner walls of the processing chamber is a dry cleaning process 
using plasma. According to this dry cleaning process, if the 
reaction products adhered to the inner walls of the processing 
chamber are silicon-based, for example, by generating plasma 
using fluorine-based gases (such as sulfur hexaf luoride) , the 
silicon-based reaction products adhered to the inner walls of 
the processing chamber react with the fluorine generated in the 
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plasma and turn into silicon fluoride, which are removed from 
the inner walls and evacuated outside the processing chamber. 
By carrying out such processes for removing reaction products 
at appropriate time intervals (such as per processing a certain 
number of wafers, or per a certain lot) , the inner wall of the 
processing chamber can be maintained in a state where no reaction 
products are adhered thereto. 

In order to remove aluminum-based reaction products, it 
is considered effective to perform dry cleaning with plasma 
generated using chlorine-based gases which are generally used 
for etching aluminum. However, a portion of the aluminum-based 
reaction products may have turned into aluminum fluoride (AlF) , 
and some aluminum-based reaction products (such as AlF) cannot 
be removed by the dry cleaning process using chlorine-gas plasma . 

That is, if aluminum-based reaction products or the aluminum 
sputtered f rommembers inside the processing chamber are adhered 
to the inner walls of the processing chamber, the prior-art dry 
cleaning process using the plasma generated with chlorine gas 
to clean the processing chamber of the plasma processing 
apparatus could not remove the AlF adhered thereto, so it was 
necessary to open the processing chamber in the atmosphere and 
to clean the inner walls of the processing chamber using alcohol 
or the like. This cleaning method, however, has a drawback in 
that it takes time to open the processing chamber in the atmosphere , 
clean the inner walls using alcohol etc. and thereafter evacuate 
the processing chamber again. Further, since aluminum-based 
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reaction products are deposited gradually on the inner walls 
of the processing chamber, the reaction products adhered to the 
walls may fall off from the wall before performing the cleaning 
process and become particles contaminating the products being 
processed, or may cause the plasma density and composition to 
vary or may even cause the etching properties to change, by which 
the uniformity of the products being processed is deteriorated 
(for example, refer to patent document 1) . 

One known method for cleaning the vacuum container proposes 
removing deposits containing Al with plasma generated using BCI3 
and CI2 gases, or BCI3 and HCl gases (for example, refer to patent 
documents 2 and 3) . Another method proposes removing the 
deposits containing Al with plasmas each generated using H2O, 
CI2 and O2 gases, in sequential manner (for example, refer to 
patent document 4 ) . Yet another known method proposes removing 
the deposits containing Si with plasma containing F, such as 
SFs and CF4 . 

Furthermore, it has been known that when a gas containing 
fluorine is used during plasma processing, an aluminum fluoride 
is generated, which is a stable compound having low vapor pressure, 
which cannot be removed easily. Various methods for removing 
aluminum fluoride are known. One method utilizes CI2 gas to 
decompose AIF3 into AICI3 (for example, refer to patent document 
5) . Another method proposes decomposing and removing AIF3 using 
H20andCl2 (for example, refer to patent document 6) . Yet another 
method proposes removing the aluminum.f luoride using.oxyg.en (for 
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example, refer to patent document 7) . Yet another method 
proposes performing cleaning using chlorine or fluorine plasma 
that does not contain oxygen by which the generation of aluminum 
fluoride can be suppressed (for example, refer to patent document 

8) . 

The plasma cleaning methods as exemplified above are 
advantageous in that the cleaning can be performed in a short 
time since the vacuum container is not exposed to the atmosphere . 
Furthermore, for example, after processing several- thousand 
wafers, the vacuum chamber is exposed to the atmosphere to 
wet-clean the inside of the chamber using water and acid. 

Recently, along with the increase in the variation of 
semiconductor elements, the materials of the wafers and the gases 
used in the plasma processing have diversified. Therefore, the 
problem of deposits that cannot be removed by conventional plasma 
cleaning methods has become more significant. When a material 
containingAl, such as aluminum (Al)/alumite (anodi zed aluminum) , 
is used to build the vacuum container, and chlorine-based gas 
and fluorine-based gas are used either in mixture or alternately, 
the fluorine reacts with Al or alumina, generating . aluminum 
fluoride (AIF3) . Aluminum fluoride has low vapor pressure and 
is difficult to remove by plasma cleaning, and along with the 
complexity of recent processes, the deposition of aluminum 
fluoride has become a serious problem. Therefore, a more 
effective method for cleaning the reaction chamber is required 
for enhancing throughput 
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Though a certain degree of cleaning rate is realized by 
the known methods mentioned above, the cleaning rate of the art 
disclosed in patent document 5 regarding the method of using 
only CI2 gas is low, and the cleaning rate of the art disclosed 
in patent document 6 regarding hydrolyzing AIF3 by H2O is also 
not sufficient, since the reaction rate is high in the liquid 
phase but is low in the gas phase. 
Patent docioment 1 

Japanese Patent Laid-Open Publication No. H6-306648 

Patent document 2 

Japanese Patent Laid-Open Publication No. Hll-186226 

Patent document 3 

Japanese Patent Laid-Open Publication No. 2000-12515 

Patent document 4 

Japanese Patent Laid-Open Publication No. H9-171999 

Patent document 5 

Japanese Patent Laid-Open Publication No. H7-130706 

Patent document 6 

Japanese Patent Laid-Open Publication No. 2001-308068 

Patent docxament 7 

Japanese Patent Laid-Open Publication No. 2003-197605 

Patent document 8 

Japanese Patent Laid-Open Publication No. H9-186143 

SUMMARY OF THE INVENTION 
The object of the present invention is to provide a dry 
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cleaning method for removing the aluminum-based reaction 
products adhered to the interior of the processing chamber and 
the aluminum or the like sputtered from the material inside the 
processing chamber in vacuum without exposing the inside of the 
processing chamber to the atmosphere. 

Another object of the present invention. is to provide a 
method for cleaning the plasma processing apparatus for removing 
the aluminum fluoride in the processing chamber efficiently. 

In order to solve the problems of the prior art, the present 
invention comprises adopting plasma generated using a mixed gas 
of chorine gas and hydrobromic gas, mounting a silicon wafer 
on a wafer-mounting electrode, applying a high-frequency power 
to the silicon wafer and performing dry cleaning, to thereby 
remove as volatile components the aluminum-based reaction 
products and the aluminum being sputtered from the members within 
the processing chamber adhered to the inner walls of the 
processing chamber. 

In order to achieve the above objects, the present invention 
supplies substances such as Si that react with F and turn into 
gas, and at the same time, generates halogen gas plasma other 
than fluorine, such as chlorine or Br. According to the present 
method, aluminum fluoride can be decomposed and removed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic view showing a plasma processing 
apparatus according to an embodiment of the present invention; 



8 



FIG. 2 is a graph showing the effect of high-frequency power 
applied according to the present invention; 

FIG. 3 is an explanatory view showing the overall structure 
of a plasma processing apparatus according to one embodiment 
of the present invention; 

FIG. 4 is a graph showing the relationship between the bias 
power and the cleaning rate; 

FIG. 5 is an explanatory view showing the overall structure 
of a plasma processing apparatus according to another embodiment 
of the present invention; and 

FIG. 6 is an explanatory view showing the overall structure 
of a plasma processing apparatus according to yet another 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
The preferred embodiments of the present invention will 
now be explained with reference to the drawings. 
Embodiment 1 

The first embodiment of the present invention will be 
explained with reference to the plasma etching apparatus shown 
in FIG. 1. FIG. 1 is an explanatory view showing the outline 
of the structure of the plasma etching apparatus to which the 
processing method according to the present invention is applied. 
A processing chamber 1 of the plasma etching apparatus according 
to the first embodiment comprises a side wall 2 of the processing 
chamber, a shower plate 3. made of quartz, a substratermounting 
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electrode 4, an evacuation system 7, an antenna 10, and so on. 
The plasma etching apparatus further comprises a quartz plate 
5, a vacuum gauge 6, a high-frequency power supply 8, a matching 
circuit 9, a dielectric 11, an antenna cover 12, coils 13, 14, 
15, a yoke 16, a high frequency power supply 19, a matching circuit 
19, aheater20, and 0-rings 21 and 22 . On the substrate-mounting 
electrode 4 , a substrate 17 such as a silicon wafer to be processed 
is mounted and fixed thereto. 

The processing gas being supplied into a space defined by 
an 0-ring 22 between a shower plate 3 and a quartz plate 5 from 
a gas supply system not shown is supplied into the processing 
chamber 1 through plural holes formed to the shower plate 3. 

The pressure inside the processing chamber is measured with 
a vacuum gauge 6, and the chamber is evacuated through an 
evacuation system 7 having a pressure control means not shown 
so that it maintains a predetermined pressure. 

The high-frequency power for generating plasma inside the 
processing chamber 1 is supplied from a high-frequency power 
supply 8 through a matching circuit 9 to an antenna 10. A 
dielectric 11 constituting the waveguide for electromagnetic 
waves and an antenna cover 12 are disposed around the antenna 
10. Coils 13, 14 and 15 for generating a magnetic field within 
the processing chamber 1 are disposed to the outer circumference 
of the processing chamber 1, and a yoke 16 is disposed so as 
to prevent the magnetic field formed by the coils from being 
leaked to the .exterior.. . 
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A high-frequency power supply 18 for applying a bias voltage 
to a substrate 17 to be processed mounted on a substrate-mounting 
electrode 4 is connected thereto via a matching circuit 19. 

A heater 20 for heating the side wall of the processing 
chamber is disposed to the atmosphere-side of the side wall 2 
of the processing chamber. An 0-ring 21 is disposed between 
the end of the lower surface of the shower plate 3 and the upper 
end of the side wall of the processing chamber, and an 0-ring 
22 is disposed between the end of the upper surface of the shower 
plate 3 and the end of the lower surface of the quartz plate 
5. 

NOW, the method for etching an object to be processed in 
the plasma etching apparatus having the structure explained above 
will be described. For example, Ar (100 ml/min) and CF, (50 
ml/min) are introduced as processing gas through the shower plate 
3 into the processing chamber 1, and the interior of theprocessing 
chamber 1 is evacuated through the evacuation system 7 with the 
pressure controlled to 1 Pa on the vacuum gauge 6. 

A power supply capable of generating a high frequency of 
450 MHZ is used as the high-frequency power supply 8 connected 
to the antenna 10, and using the same, a. high-frequency power 
of 400 W is supplied to the antenna 10, and an isomagnetic field 
surface of 0.016 T is formed within the processing chamber by 
coils 13 through 15, according to which an electron cyclotron 
resonance occurs on the isomagnetic field surface , causing plasma 
to be generated efficiently in the processing. chamber 1. 
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When a Si wafer is used as the substrate 17 to be processed, 
the substrate 17 is etched by the plasma generated in the 
processing chamber 1. At this time, the high-frequency power 
supply 18 connected to the substrate-mounting electrode 4 applies 
a high-frequency power of 400 kHz and 100 W to the substrate 

17 to be processed. 

in this case, if an aluminum-based material is used to form 
the processing chamber 1,- the aluminum-based material will be 
sputtered by the Ar used as processing gas, and adheres to the 
inside of the processing chamber 1, such as to the shower plate 
3 made of quarts . Aportion of this aluminum-based deposit turns 
into aluminum fluoride (AlF) by the CF, utilized as processing 
gas . 

The deposits such as aluminum or aluminum fluoride adhered 
to the inside of the processing chamber 1 become the cause of 
particles and plasma variation. Especially when the shower 
plate is disposed in confronting relations with the substrate 
being processed, the influence of deposits to particles and 
plasma variation is significant. Moreover, if reaction 
products are adhered to the shower plate, the reaction products 
falling off from the plate is delivered by the gas flowing through 
the shower plate and reaches the wafer as particles . Therefore, 
it is necessary to remove deposits such as aluminum fluoride 
adhered to the interior of the processing chamber 1. 

One example of the processing methods for removing deposits 
comprises exposing the interior of the processing chamber .1 to 
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the atmosphere and removing, using alcohol or the like, the 
deposits adhered to the surface thereof, as mentioned earlier. 
However, the application of this method is not efficient, since 
it takes up too much time to expose the processing chamber 1 
to the atmosphere, to remove the deposits, and to evacuate the 
chamber again. Further, since this operation depends on 
manpower, the quality for removing the deposit may differ 
according to the worker. 

Therefore, the present processing method utilizes an Si 
wafer as substrate 17 to be processed, and mounts the same on 
the substrate-mounting electrode 4. A hydrobromic (HBr) gas 
(lOOml/min) and chlorine (CI2) gas (lOOml/min) are introduced 
as processing gases to the processing chamber 1 through the shower 
plate 3, and the processing chamber 1 is evacuated through the 
evacuation system 7 with the pressure controlled so that the 
indication on the vacuum gauge 6 is 1.0 Pa. A high-frequency 
power of 450 MHz and 500 W is supplied to the antenna 10 from 
the high-frequency power supply. 8, and coils 13 through 15 are 
set appropriately, so that plasma is generated within the 

processing chamber 1. 

The Si as substrate 17 to be processed is etched, and at 
the same time, the following plasma reaction occurs in the 
processing chamber 1. 

HBr - H + Br (1) 

CI2 - 2C1 (2) 

The following reaction.occurs between the. aluminum.fluoride 
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(AlF) adhered to the interior of the processing chamber and the 
above-mentioned plasma. 

AlF + H Al + HP (3) 

Al + 3CL - AICI3T (4) 

Al + 3Br - AlBraT (5) 

4HF + Si - 4H + SiF4t (6) 

By the reactions mentioned above, the aluminum-based 
deposits such as aluminum fluoride adhered to the interior of 
the processing chamber turn into volatile substances (HF, AICI3, 
AlBra, SiF4) and are evacuated from the processing chamber 1, 
so according to this method, it becomes possible to remove the 
aluminiam-based deposits. 
Embodiment 2 

A second embodiment of the present invention will now be 
explained with reference to FIGS . 1 and 2 . As shown in embodiment 
1, by adopting HBr andClz gases as processing gases for processing 
the Si wafer or substrate 17, the aluminum-based deposits in 
the processing chamber can be removed. However, if a 
high-frequency power of 400 kHz is applied from the 
high-frequency power supply 18 to the Si wafer or substrate 17 
placed on the substrate-mounting electrode 4, the rate for 
removing the aluminum-based deposits is increased as the 
high-frequency power applied to the substrate 17 increases. 

FIG. 2 shows the result of the rate for removing aluminum 
fluoride measured with a crystal oscillator film thickness 
monitor, wherein the -first embodiment is shown in which the bias 
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is 0 W, and the second embodiments are shown in which the biases 
are 30 W, 45 W and 60 W. As can be seen clearly in this chart, 
the removal rate of aluminum fluoride where no bias was applied 
was 1 nm/min, wherein the rate was 2.6 nm/min when a bias of 
30 W was applied, 3.9 nm/min when a bias of 45 W was applied, 
and 4.7 nm/min when a bias of 60 W was applied, by which a 
significant effect was realized. 

Generally when high-frequency voltage is applied to the 
substrate 17 to be processed, the plasma potential varies 
according to the variation of the high-frequency voltage on the 
positive voltage side. On the other hand, on the front surface 
of the side wall of the processing chamber (effective earth 
portion) , an ion sheath is formed according to the plasma. By 
the ion-assist effect in which the ions are accelerated by the 
electric field in the ion sheath and collide against the side 
wall of the processing chamber, the removal rate of aluminiam-base 
deposits is increased. 

As the high-frequency voltage applied to the substrate 17 
increases, the variation of plasma potential is increased, and 
the ion-assist effect is enhanced. 

Therefore, by applying to the Si wafer the highest possible 
high-frequency power allowed by the apparatus, the rate for 
removing the aluminum-based deposits in the processing chamber 
is increased, and thus, a more effective dry etching becomes 
possible . 

Incidentally, when only either the hydrobr-omic (HBr) gas 
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or the chlorine (CI2) gas was used for processing, the AlF could 
not be removed efficiently. 

The above description explained the case of a dry etching 
apparatus using Ar/CF^, but the same effects can be achieved 
by using other combinations of gases andmaterials to be processed . 
Further, the above example utilized a mixed gas of HBr + CI2 
as cleaning gas, but other gases having reduction functions and 
gases for etching Al (such as BCL3) or a mixed gas containing 
the same can also be used to achieve similar effects. 

The above description exemplified a dry etching apparatus 
of the UHF-ECR system, but dry etching apparatuses using other 
discharge methods (capacitively-coupled discharge, 
inductively-coupled discharge, magnetron discharge, surface 
wave-induced discharge, TCP discharge, etc.) can also be used 
to achieve equivalent effects. Furthermore, the present 
invention is not only applied to the plasma dry etching apparatus , 
but also to other types of plasma processing apparatus such as 
plasma CVD apparatus, ashing apparatus and surface modifying 
apparatus, to achieve equivalent effects. 

Furthermore, if a material containing silicon, such as 
quartz, exists within the processing chamber, similar 
advantageous effects can be achieved without placing a silicon 
wafer inside the chamber. 

According to the present invention described above, it 
becomes possible to remove the aluminum-based deposits in the 
plasma processing chamber without exposing the interior of the 
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chamber to the atmosphere. The present invention enables not 
only to cut down the time required to clean the inside of the 
processing chamber significantly, but also to maintain the amount 
of aluminum-based deposits in the processing chamber to below 
a certain degree , so the property o f the plasma and the performance 
of the process can be maintained constant, and the amount of 
particles in the chamber can be suppressed to below a certain 
value. Moreover, since it becomes possible to remove the 
deposits by adopting certain process conditions, the prior-art 
problemof the quality of the removal being varied among operators 
can be solved. 
Embodiment 3 

Next, the third embodiment of the present invention will 
be described with reference to FIG. 3. FIG. 3 shows the overall 
structure of a plasma etching apparatus, and exemplifies an 
apparatus that utilizes electron cyclotron resonance (ECR) . 
Electromagnetic waves of 450 MHz are introduced from a UHF power 
supply 101 via an impedance matching network 102, a waveguide 
103 and an antenna 105 into a vacuum container 109. The vacuum 
container is formed of metal or metal having an insulative coating 
applied to the inner surface thereof, and the area from which 
the electromagnetic waves are introduced is an entrance window 
110 formed of quartz . Gas is introduced to the vacuum container 
109, and plasma 108 is generated by the electromagnetic waves 
of theUHFband. The magnetic field strength of an electromagnet 
104 is set so that it resonates with the frequency . of . the 
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electromagnetic waves, and the magnetic field strength is set 
to approximately 0.016 T when the frequency is 450 MHz. By thus 
setting this magnetic field strength, the electron cyclotron 
motion within the plasma resonates with the frequency of the 
electromagnetic waves, so the energy of the waves is supplied 
efficiently to the plasma, generating high-density plasma. 

A wafer 106 is placed on a wafer holder 107 . A bias power 
supply 112 for generating electromagnetic waves in the RF band 
is connected to the wafer holder 107 so as to accelerate the 
ions being incident on the wafer. There is no special range 
set for the frequency of the bias power supply 112, but in this 
example, a frequency of 400 kHz is utilized. An earth member 
111 having an alumite with a thickness that enables high frequency 
electromagnetic waves to pass therethrough disposed on aluminum 
is disposed so as to surround the wafer holder 107 as earth for 
the bias power supply 112. Further, a quartz inner cylinder 
114 is disposed on a portion of the side wall of the vacuum 
container . 

Now, the method for etching an object to be processed using 
the plasma etching apparatus having the above-mentioned 
structure will be described. For example, Ar (100 ml/min) and 
CF, (50 ml/min) as processing gases are introduced to the vacuum 
container 109, and the vacuum container 109 is evacuated so that 
the pressure inside is maintained at 1 Pa. 

A power supply capable of generating a high frequency of 
450 MHz is utilized as the UHF power supply 10.1. .connected to 
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the antenna 105, from which high-frequency power of 400 W is 
supplied to the antenna 105. The electromagnet 104 is used to 
create an isomagnetic field surface of 0.016 T within the 
processing chamber, by which electron cyclotron resonance occurs 
on this isomagnetic field surface, and plasma is efficiently 
generated within the vacuum container 109. 

When a Si wafer with a diameter of 200 mm is used as wafer 
106, the wafer 106 is subjected to etching by the plasma generated 
within the vacuum container 109. At this time, the bias power 
supply 112 connected to the wafer holder 107 applies a 
high-frequency power of 400 kHz and 100 W to the wafer. 

If an aluminum-based material is used to form some member 
constituting the vacuum container 109, the aluminum-based 
material will be sputtered by the Ar used as processing gas, 
and adheres for example to members made of quarts inside the 
vacuum container 109. A portion of this aluminum-based deposit 
is f luorinated by the CF4 used as processing gas, and turns into 
aloaminum fluoride (AlF) . 

The deposits such as aluminum or aluminum fluoride adhered 
to the interior of the vacuum container 109 become the cause 
of particles and plasma variation. Especially when the shower 
plate having ejection holes formed to a quartz plate for 
introducing gas to the container is disposed in confronting 
relations with the wafer to be processed, the influence of 
deposits to particles and plasma variation is significant. 
Moreover, if reaction products are.adhered to. the .shower plate. 
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the reaction products falling off from the plate is delivered 
by the gas flowing through the shower plate and reaches the wafer 
as particles. Therefore, it is necessary to remove deposits 
such as aluminum fluoride adhered to the interior of the vacuum 
container 109. 

One example of the processing methods for removing the 
deposits comprises exposing the inside of the vacuum container 
109 to the atmosphere and removing using alcohol or the like 
the deposits adhered to the surface thereof, as mentioned earlier . 
However, the application of this method is not efficient, since 
it takes up too much time to expose the vacuum container 109 
to the atmosphere, to remove the deposits, and to evacuate the 
vacuum container 109 again. Further, since this operation 
depends on manpower, the quality for removing the deposit may 
differ according to the worker. 

Therefore, the present processingmethod utilizes a Si wafer 

as wafer 106, and places the same on the wafer holder 107. A 
hydrobromic (HBr) gas (lOOml/min) and chlorine (CI2) gas (100 
ml/min) are introduced as processing gases to the vacuum 
container 109, and the vacuum container 109 is evacuated through 
an evacuation system 7 with the pressure within the container 
109 controlled to 1.0 Pa. A high-frequency power of 450 MHz 
and 500 W is supplied to the antenna 105 from the UHF power supply 
101, and the electromagnet 104 is set appropriately, to thereby 
generate plasma within the processing chamber 1. 

The Si or wafer 106 is etched, and at the same time, the 
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following plasma reaction occurs in the vacuum container 109. 
HBr - H + Br (1) 
CI2 - 2C1 (2) 

The following reaction occurs between the aluminum fluoride 
(AlF) adhered to the interior of the processing chamber and the 
above-mentioned plasma. 
AlF + H - Al + HE (3) 
Al + 3CL - AICI3T (4) 
Al + 3Br - AlBraT (5) 
4HF + Si - 4H + SiF4T (6) 

By the reactions mentioned above, the aluminum-based 
deposits such as aluminum fluoride adhered to the interior of 
the vacuum container turn into volatile substances (HF, AICI3, 
AlBr3, SiF4) and are evacuated from the vacuum container 109, 
so according to this method, it becomes possible to remove the 
aluminum-based deposits. 

Next, an example in which high-frequency power is applied 
to the wafer is described. As mentioned earlier, by adopting 
HBr and CI2 gases as processing gases for processing the Si wafer 
or wafer 106, the aluminum-based deposits in the vacuum container 
109 can be removed. Furthermore, if a high-frequency power of 
400 kHz is applied using the bias power supply 112 to the Si 
wafer or wafer 106 placed on the wafer holder 107, the rate for 
removing the aluminum-based deposits is enhanced as the 
high-frequency power applied to the wafer 106 increases. 

FIG. 4 shows the result of the rate. .for removing aluminum 
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fluoride measured with a crystal oscillator film thickness meter . 
As can be seen clearly in this chart, the removal rate of aluminum 
fluoride where no bias is applied was 1 nm/min, wherein the rate 
was 2.6 nm/min when a bias of 30 W was applied, 3.9 nm/min when 
a bias of 45 W was applied, and 4.7 nm/min when a bias of 60 
W was applied, by which a significant effect was realized. 

Generally when high-frequency voltage is applied to the 
wafer 106, the plasma potential varies according to the variation 
of the high-frequency voltage at the positive voltage side . On 
the other, hand, on the front surface of the side wall of the 
processing chamber (effective earth portion) , an ion sheath is 
formed according to the plasma. By the ion-assist effect in 
which the ions are accelerated by the electric field in the ion 
sheath and collide against the side wall of the processing chamber, 
the removal rate of aluminum-base deposits is increased. 

As the high-frequency voltage applied to the wafer 106 
increases, the variation of plasma potential is increased, and 
the ion-assist effect is enhanced. Therefore, it is estimated 
that by applying to the Si wafer the highest possible 
high-frequency power allowed by the apparatus, the rate for 
removing the aluminum-based deposits in the processing chamber 
is increased, and thus, a more effective dry etching is enabled. 
Embodiment 4 

Here, an example according to the present invention in which 
the conditions are varied in further detail will be described. 
The following tests were performed in order to -directly measure 
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the degree of deposition of aluminum fluoride to the interior 
of the vacuum container 109. In order to have deposits adhere 
to the surface of the entrance window 110, thirteen Si wafers 
(diameter size 300 mm) were etched continuously in CF4+CI2 
discharge. Thereafter, various plasmas were generated in an 
attempt to remove the deposits 113 . Then, the aluminum fluoride 
in the deposits adhered to the entrance window 110 was subjected 
to quantitative analysis using a fluorescent X-ray analysis 
method. The results are shown in Table 1. 
Table 1 
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Si 


20W 


0.028 


50 


CI2 


Si 


40W 


0.056 


17 


CI2 


Si 


SOW 


0.11 


7 


HBr+Cl2 
(1:1) 


Si 


SOW 


0.11 


1 



Table 1 shows the amount of residual aluminum fluoride or 
effect of the cleaning in relative values in which the amount 
of deposited aluminum fluoride after processing thirteen wafers 
is shown as 100. The cleaning was performed for 360 S. From 
table 1, it can be seen that aluminum fluoride cannot be cleaned 
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by SFe. Further, if SiO^ wafer (Si wafer having its surface 
covered with SiO^) is placed on the wafer holder, the aluminum 
fluoride cannot be cleaned using CI2. Further, even if Si wafer 
is placed on the wafer holder, the effect of cleaning is little 
when no bias power is applied to the wafer. By placing an Si 
wafer and by applying 20 W of bias power, the amount of aluminum 
fluoride is reduced to half, which means that cleaning is 
performed. The reason why the effect of cleaning is enhanced 
by applying bias to Si, other than the sputtering effect of the 
wall mentioned earlier, is as follows. The etching of the Si 
wafer is scarcely performed when the bias is OW, but with a bias 
of 20 W, the etching rate is approximately 30 nm/min. That is, 
by applying bias, the amount of Si being supplied is increased, 
and the effect of the cleaning is enhanced. By adding HBr to 
CI2, the cleaning effect is even further enhanced. 

The reason why aluminum fluoride can be removed by supplying 
Si is because, as mentioned earlier, the Si takes out the F from 
the aluminum fluoride (AlFx) and vaporizes in the form of SiFx, 
and the remaining Al reacts with Cl or Br and vaporizes in the 
form of AlCl or AlBr . It is not clear why the cleaning effect 
is enhanced when HBr is mixed in, but it is estimated that H 
has an effect to help the above reaction. 

As explained above, by supplying Si while generating plasma 
containing Cl or Br, the aluminum fluoride, which was difficult 
to remove according to the prior art, can be removed speedily. 
When the bias power is increased too. .much to supply Si, 
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the sputtering rate of the earth is also increased undesirably. 
According to the prior art method, during cleaning, either the 
Si wafer is not placed on the wafer holder or bias is not applied 
to the placed Si wafer, so as to suppress discharge of Si and 
chipping of earth. This drawback is overcome as follows . First, 
the minimum necessary amount of discharge of Si was seeked. It 
has been found through experiments that the bias applied to a 
dummy wafer of 300 mm should be within 20 W (0.028 W/cm^) to 
80 W (0.11 W/cm^) to achieve sufficient cleaning effects. By 
setting the bias power within this range, unnecessary earth 
chipping can be suppressed, and aluminum fluoride can be removed 
without supplying excessive Si. When the size of the Si wafer 
differs, the bias power per unit area is determined accordingly. 

Since the amount of Al being deposited during etching differs 
according to fluorine gas pressure (number of fluorine atoms) 
and bias power, the Si required for cleaning may be insufficient 
with the above-mentioned bias power (80 W) . In order to solve 
this problem, the area of the earth was expanded. The earth 
111 is a conductor having an impedance allowing bias 
high-frequency power to pass therethrough, which is disposed 
on the inner wall of the vacuum container 109 in contact with 
plasma 108 . The plasma is normally generated between the wafer 
holder 107 and the entrance window 110. The area of the earth 
was expanded by adjusting the quarts inner cylinder 114. As 
a result, it has been found that by expanding the earth area 
to 40 % or more of the plasma contact area, the amount of .chipping 
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of the earth can be suppressed to an allowable level even when 
the bias power for cleaning is set to 80 W or higher . The quartz 
inner cylinder is disposed so as to prevent dispersion of heavy 
metal contamination such as Fe contained in small quantities 
inaluminumoralumite. Therefore, reducing of size of the quartz 
inner cylinder may cause another problem of increase of heavy 
metal contamination, but this problem can be overcome by reducing 
the amount of heavy metal in the alumite to 0.1 % or smaller. 
In the apparatus illustrated in FIG. 3, a material formed by 
anodizing the surface of aluminum (alumite) is used as the earth . 
The thickness of the alumite must be set to 200 ^m or smaller 
when the frequency of the bias power being supplied is 400 kHz. 
That is, the thickness should be set to 0.5f pm or smaller when 
the frequency is f kHz . Furthermore, if the metal of the chamber 
is coated by a material other than alumite, the coating must 
have a thickness equal to or less than the thickness corresponding 
to the impedance of the above-mentioned alumite capacity. 

It is also possible to suppress chipping of the earth by 
providing a period called breakthrough where bias power is set 
high (for example, over 80 W) for about 5 to 20 seconds at the 
start of the cleaning process, and thereafter, reduce the bias 
power to less than 80 W. The function of the breakthrough is 
to remove the surface layer such as the naturally oxidized layer 
formed on the surface of the dummy wafer that cannot be removed 
easily by low-bias power, so that after the bias power is turned 
low, the Si surface can be etched .to .supply .sufficient Si. 
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Moreover, it is also possible to mix approximately 2 % to 10 % 
oxygen to the cleaning gas, so that the earth is oxidized while 
cleaning is performed. 

The above-described cleaning method aims at removing 
aluminum fluoride, but if a gas containing carbon, such as CF,, 
is used as the etching gas, deposits containing carbon are 
generated at the .same time. In such a case, by cleaning the 
carbon before cleaning the aluminum fluoride, the cleaning rate 
of aluminum fluoride is improved. It is effective to use a mixed 
gas containing SFe and oxygen or SFe to perform cleaning of carbon . 
By use of such gases, carbon can be removed by compounds of CS 

or CO. 

Embodiment 5 

Next, the details of a halogen gas that reacts with Al are 
described. Though it is possible to use a CI2 gas by itself 
or HBr gas by itself, the effect of removing aluminum fluoride 
was greatest when the mixture ratio of HBr in CU was 30 % to 
80 %. Moreover, as shown in Table 2, the effect was greatest 
when the pressure was 2 Pa or greater. 
Table 2 

Relationship between cleaning conditions and 



plasma gas 
species 


wafer 
material on 

wafer 
holder 


bias power 
(W) 


pressure 
(Pa) 


relative 
amount of 
• aluminum 








fluoride 

(%) 
100 


no cleaning 
CI2 


Si 


20W 


0.4 


78 



27 



Cl2 


Si 


20W 


2.0 


50 


CI2 


Si 


20W 


6.0 


22 



Moreover, when Si is supplied from the wafer, the cleaning 
efficiency is enhanced if the distance between the wafer and 
the area to be subjected to cleaning is minimized. According 
to the apparatus illustrated in FIG. 3, the aluminum fluoride 
tends to deposit mainly on the entrance window 1 1 0 , so the entrance 
window and the Si wafer are brought closer. According to 
experiments, it has been found that it is desirable to set the 
distance to 135 mm or smaller. 
Table 3 

Relationship between cleaning conditions and 



plasma gas 
species 


wafer 
material on 
wafer 
holder 


bias power 
(W) 


distance 
between 
wafer and 
window 
(mm) 


relative 
amount o f 

aluminum 
fluoride 

■ (%) 


no cleaning 








100 


CI2 


Si 


20W 


155 


65 


CI2 


Si 


20W 


135 


50 


CI2 


Si 


20W 


115 


33 


CI2 


Si 


20W 


105 
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Embodiment 6 

Another method for supplying Si will be described. First, 
it is possible to supply Si using SiCl^ or other gases. FIG. 
5 illustrates an example in which a material containing Si is 
usedtoformaportionof thevacuumcontainer. The Si is supplied 
byusingaring201madeeitherofSiorSiC. The aluminum fluoride 
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can be removed by performing discharge using CI2 or HBr for 

cleaning. 

Embodiment 7 

FIG. 6 shows an overall structure of an inductively-coupled 
plasma processing apparatus. In the present apparatus, 
electromagnetic waves are supplied from a high-frequency power 
supply 301 of 13.56 MHz via an impedance matching network 302, 
a loop antenna 303 and an entrance window 305 into a vacuum 
container 309. The antenna is covered with a shield 304 . Plasma 
310 is generated in the vacuum container 309 by inductive coupling 
from the loop antenna. A bias power of 12 MHz is applied to 
awafer holder 307, and a wafer 306 is processed. In the present 
apparatus, the vacuum container 309 is formed by providing an 
alumite treatment to the aluminum material surface, and the 
alumite surface functions as an earth. It is also possible to 
provide an Al/alumite inner cylinder to cover the inner wall 
of the container. If wafers are etched using fluorine gas in 
this apparatus, deposits 309 occur, the main components of which 
are Al and F, after a certain number of wafers have been processed. 
These deposits can be removed in the same manner as in embodiment 
2, but if the frequency of the bias power is varied, the required 
power to achieve the same Si wafer etching rate is varied. With 
a bias frequency of 12 MHz, the power should range between 300 
W and 1200 W in order to suppress earth chipping and to supply 
Si from the wafers, to effectively remove the aluminum fluoride 
depositedon the entrance window309.. In order to generate plasma. 
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an output of 1 kW from the high-frequency power supply 301 was 
supplied to carry out a discharge of 2 Pa chlorine gas. 

The power required to achieve equivalent Si etching rates 
for various bias frequencies can be calculated using the 
following empiric formula. If the power for bias frequency of 
400 kHz is P (W), the power Pf (W) for bias frequency f (kHz) 
required to achieve the Si etching rate that is equivalent to 
the Si etching rate for 400 kHz is calculated by formula PX 
(0.00116f + 0.538) . This formula can be used for frequencies 
within the range of 400 kHz to 15 MHz. 
Embodiment 8 

The present cleaning method characterizes in vaporizing the 
Al in the aluminum fluoride in forms of aluminum chloride (AlClx) 
and aluminum bromide (AlBrx) , and vaporizing the remaining F 
as a stable compound. Examples of substances other than Si that 
satisfy these conditions are described below. 

The use of mixed gas containing CI2 and N2 enables aluminum 
fluoride to be removed in forms of AlClx and NF3. By performing 
cleaning with chlorine whle supplying Ge from a Ge wafer, the 
aluminum fluoride can be removed in forms of AlClx and GeF^ . 
The use of mixed gas containing CI2 and SO2 enables aluminum 
fluoride to be removed in forms of AlClx and SFe- The use of 
CI2 and CO2 enables aluminum fluoride to be removed in forms 
of AlClx and CF4 . The use of CI2 and H2 or HCL enables aluminum 
fluoride to be removed in forms of AlClx and HF. 

According to the present invention, the aluminum fluoride 
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deposited on the inner wall of the vacuum apparatus can be removed 
and cleaned without exposing the interior of the apparatus to 
the atmosphere, so the yield factor caused by contaminants from 
deposits during manufacture of devices can be improved. 
Moreover, the operating rate of the apparatus can be improved 
since the cycle for cleaning the apparatus in a manner that 
requires exposing the vacuum container to the atmosphere becomes 
less frequent. 

As described above, the present invention provides a method 
for processing a plasma processing apparatus having a plasma 
generating means for generating plasma inside a processing 
chamber, a high-frequency power applying means for applying 
high-frequency power to an object to be processed, a processing 
chamber to which an evacuating device is connected and capable 
of having its interior evacuated, and a gas supply device for 
the processing chamber, said method comprising mounting a Si 
wafer on an electrode for holding the object to be processed, 
introducing hydrobromic (HBr) gas and chlorine (CI2) gas into 
the processing chamber aAd generating plasma, and removing an 
aluminum-based deposit adhered to the interior of the processing 
chamber. Moreover, according to the present invention,, the 
above-mentioned method for processing the plasma processing 
apparatus further comprises applying a high-frequency power to 
the Si wafer on the electrode for holding the ob j ect to be processed 
to remove the aluminum-based deposit adhered to the interior 
of the processing chamber. 
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The present invention provides a plasma processing method 
for generating a plasma in a vacuum container and processing 
a substrate placed on a substrate holder disposed within the 
vacuum container, comprising providing a period for generating 
plasma containing a halogen gas excluding fluorine and an element 
that reacts with fluorine to create a gas-phase reaction product 
either each time after processing a wafer or before and/or after 
processing plural wafers. 

The present invention provides a plasma processing method 
for generating a plasma in a vacuum container and processing 
a substrate placed on a substrate holder disposed within the 
vacuum container, comprising providing a period for generating 
plasma containing a halogen gas excluding fluorine and a Si 
element either each time afterprocessingawafer or before and/or 

after processing plural wafers. Moreover, according to the 
above-mentioned method of the present invention, a portion of 
a material constituting the vacuum container contains Al or a 
stable compound of Al, and a gas containing fluorine is used 
as gas for processing the wafer with plasma. Furthermore, 
according to the above-mentioned method of the present invention, 
the halogen gas excluding fluorine contains either CI atoms or 
Br atoms, or both, and the gas plasma being generated contains 
any one of or a combination of CI2, HCl, HBr, BCI3 and CIF3. 

According to the above-mentioned plasma processing method 
of the present invention, a method for supplying Si atoms 
comprises placing a Si wafer, especially a Si wafer with no 
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patterns printed thereon, on the substrate holder when the 
halogen plasma is discharged, and applying high-frequency power 
to the Si wafer through the wafer holder. Even further, the 
amount of the high-frequency power being applied to the Si wafer 
through the substrate holder corresponds to a frequency of 400 
kHz and is equal to or greater than 0.028 W per unit area (1 
cm^) of the Si wafer, and preferably equal to or greater than 
0.11 W. Moreover, a ratio of an area of an earth to the area 
of an inner wall of the vacuum container in contact with plasma 

is 40 % or more. 

According to the above-mentioned plasma processing method 
of the present invention, the Si atoms are supplied by including 
Si to a portion of a material constituting the vacuum container, 
or by supplying SiCl^ gas. Further according to the present 
method, the element that reacts with fluorine to create a 
gas-phase reaction product is provided by supplying N2, CO, CO2, 
H2 or SO2 simultaneously with the halogen gas excluding fluorine . 

The above-mentioned plasma processing method of the present 
invention further comprises providing a period for generating 
plasma containing SFe prior to said period for generating plasma 
with the halogen gas excluding fluorine. 
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